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Short communication
Aggregata octopiana (Protista: Apicomplexa): a dangerous
pathogen during commercial Octopus vulgaris ongrowing
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Gestal, C., Guerra, A., and Pascual, S. 2007. Aggregata octopiana (Protista: Apicomplexa): a dangerous pathogen during commercial Octopus
vulgaris ongrowing. – ICES Journal of Marine Science, 64: 1743–1748.
The haemolymph parameters for Octopus vulgaris and the condition index at molecular level were analysed using RNA/DNA and
RNA/protein ratios on animals reared in ﬂoating cage systems and naturally infected by the coccidian Aggregata octopiana.
Statistical analysis showed that as A. octopiana infection increased, there was a decrease in most inorganic elements and/or in hae-
mocyte concentrations in cellular and/or plasma fractions. Also, the protein concentrations in the haemolymph plasma fraction
dropped signiﬁcantly as the coccidian infection increased. Results suggest that the severity of the infection by A. octopiana is a limiting
factor during commercial ongrowing of the common octopus, at least in ﬂoating cage systems. Control measurements are needed in
aquaculture to avoid this environmental stressor.
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Introduction
The common octopus Octopus vulgaris (Cephalopoda:
Octopodidae) is an important species in world fisheries
(Globefish, 2007). It represents a major protein resource in most
fish-eating countries, and is of commercial and social importance
in Galicia, northwest Spain (Otero et al., 2005). Interest in its
commercial culture has risen in recent years (Iglesias et al.,
2007), and mortality during its ongrowing in tanks and in floating
cages in Galician and Portuguese waters (Sendao, 1997; Chapela
et al., 2006; Iglesias et al., 2007) has encouraged studies to be
made on the effects of pathogens.
The eimeriorin coccidian Aggregata (Protozoa: Apicomplexa)
has been recorded widely as the dominant epizootiological agent
in wild and cultured octopus stocks from European waters
(Pascual et al., 1996; Gestal, 2000). Coccidians within the genus
Aggregata are intracellular parasites with a two-host life history,
and they are transmitted through the foodweb. Sexual stages are
found in the digestive tract of cephalopods, the definitive host.
Asexual stages infect the digestive tract of crustaceans, the inter-
mediate hosts (Hochberg, 1990). Gestal et al. (2002a) described
the histopathological effects of A. octopiana in the digestive tract
of O. vulgaris. The lesions associated with infected A. octopiana
included host cell hypertrophy with nuclear displacement, inflam-
mation, phagocytosis, ulceration, and partial destruction of the
organ architecture. Additionally, a spectrophotometric analysis
of the enzymes involved in the absorption process revealed a
significant decrease with increasing A. octopiana infection. As a
consequence, gastrointestinal function is detrimentally impacted,
and this is induced by a decrease or malfunction of absorption
enzymes (Gestal et al., 2002b). Moreover, although enteritic cocci-
diosis is not believed to be a primary cause of death, it is likely that
the malabsorption syndrome impairs octopus development and
growth (Gestal et al., 2002b).
Haemolymph and more specifically the haemocytes are crucial
in physiological functions such as nutrition, oxygen transport, and
detoxification. Further, mollusc haemocytes play a major role
in cellular defence against pathogens (Cheng, 1981). Although
determination of the role of the haemolymph and haemocytes
in physiological functions and the immune system of bivalve
molluscs has been the objective of many studies, few data have
been published yet on cephalopods (Lee, 1994; Malham et al.,
1998, 2002; Novoa et al., 2002).
Our aim was to investigate the impact of A. octopiana infection
on the haemolymph and some growth indicators of commercially
reared O. vulgaris, specifically investigating the carrier’s well-being.
Material and methods
Sampling
In all, 28 live O. vulgaris (14 males and 14 females) with an average
body weight (BW) of 1137.7+ 442.1 g (Table 1) were collected
randomly off an ongrowing floating cage system in the Rı´a de
Alda´n, Galicia, Spain (NE Atlantic: 428150N 88480W). The floating
culture system consisted of 12 cylindrical cages of 10 m3 each
(1.6  5 m on top), with 250 PVC dens holding 200 animals per
cage simultaneously. The culture conditions allowed easy
sampling, made it possible to standardize the feeding parameters,
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and provided a sample of animals grown in similar environmental
conditions (12–178C, 35.5 psu). After collection, and to minimize
physiological stress, all animals were maintained at the laboratory
in culture tanks for 24 h before experimentation. The animals were
first anaesthetized in a 70% ethanol:seawater (1:5) mix for
1.5–2.5 min (AG, unpublished). To avoid damage to the
animals, the flesh was not cut open at all. The branchial blood
vessels were exposed by turning the mantle gently. Haemolymph
(1 ml) was withdrawn from the branchial blood vessel of each
animal with a disposable syringe and diluted in marine anticoagu-
lant (MAS, modified Alsever solution, 1:2; Bache`re et al., 1998). All
animals recovered normal respiratory rhythm (25 inspirations per
minute) after 5 min post-anaesthesia.
Haemolymph analysis
The number of haemocytes was determined in a Neubauer count
chamber. The haemolymph suspension was centrifuged (750g for
10 min at 48C) and the cells resuspended in 5 ml of distilled water
for further RNA extraction and element analysis. Plasma and
resuspended cells were then frozen at 2808C separately until
further processing.
Analysis of haemolymph elements was carried out on
defrosted samples as follows: 1 ml each of plasma and burst
cells was submitted to complete microwave digestion with
HNO3 (Suprapur, Merk) inside a Telflon-lined bomb. The con-
centrations (mg ml– 1) of some haemolymph elements (Fe, Cu,
Na, K, Ca, Mg) were determined using a flame atomic absorption
spectrometer (Varian Spectra 250 Plus), and a graphite furnace
atomic absorption spectrometer (Varian Spectra AA-800 Plus)
with aqueous calibration standards (Merck, Chemicals). To
determine the concentrations of elements in the plasma, the con-
centration of each in the used anticoagulant (MAS) was
measured and used as a control. Element concentration was
expressed as the total element concentration minus the MAS
concentration.
The protein concentrations of plasma and the cellular fraction
were determined according to the method of Bradford (1976), and
the protein content of the crude tissue extracts by the Lowry modi-
fied method (Smith et al., 1985). The sample was diluted 1:7,
digested by NaOH 1M at 308C for 14 h, and 2 ml of bicinchoninic
acid and 4% Cu SO4 in proportion 50:1 added to 100 ml of
the diluted sample. That mixture was maintained at 608C
for 30 min, then the absorbance was measured at 560 nm.
Protein concentration was calculated using bovine serum
albumin as standard, and values were expressed as mg protein
per mg tissue.
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Table 1. Data from the 28 Octopus vulgaris sampled, and biochemical and haemolymph parameters.
ML BW Sex TS3106 Sg21 RNA DNA RNA/DNA Protein RNA/Prot DNA/Prot Haemolymph Haemocytes Haemocytes
per millilitre
– – – – – 0.0007 0.1870 0.003957 33.70 0.000219 0.005549 – – –
– – – – – 0.2059 0.1751 1.175899 67.56 0.003048 0.002592 – – –
250 2 120 2 4.418 240 265 0.2639 0.1235 2.136842 50.87 0.005188 0.002428 1.50 23 450 15 633.33
260 2 225 1 79.000 644 970 0.1606 0.1685 0.953116 28.01 0.005734 0.006016 1.00 2 400 2 400
– 1 775 1 5.126 382 831 0.1637 0.1229 1.331977 26.72 0.006126 0.004600 – 47 500 –
180 1 275 2 4.592 317 797 0.6650 0.1280 5.194929 82.61 0.008049 0.001560 3.00 50 760 16 920
120 805 1 0.870 138 888 0.3131 0.2344 1.335751 66.65 0.004698 0.003517 1.00 23 280 000 23 280 000
130 765 1 0.651 158 311 0.1131 0.0829 1.363691 22.53 0.005018 0.003678 1.00 30 660 000 30 660 000
155 1 280 2 18.696 136 7667 0.6702 – – 96.00 0.006981 – 1.00 22 380 000 11 190 000
140 1 135 2 10.884 811 078 0.2985 0.1486 2.008748 58.85 0.005072 0.002525 2.00 8 200 000 4 100 000
160 1 485 2 0.884 50 837 0.7870 0.1976 3.982793 84.53 0.009310 0.002338 2.00 31 944 000 15 972 000
120 1 140 1 0.510 48 435 0.7709 0.2811 2.742440 82.88 0.009301 0.003392 1.00 5 173 000 5 173 000
– 1 160 2 0.160 11 950 0.9112 0.2579 3.533152 89.01 0.010237 0.002897 2.00 26 692 000 13 346 000
125 1 235 1 0.200 15 480 0.7050 0.4852 1.453159 87.60 0.008048 0.005538 1.00 2 920 000 2 920 000
115 1 000 2 0.190 16 556 0.5404 0.2310 2.339394 75.57 0.007151 0.003057 1.00 14 692 000 14 692 000
140 1 400 2 0.630 43 940 0.9224 0.2349 3.927613 83.50 0.011047 0.002813 1.70 18 278 000 10 751 765
– – – – – 0.8110 0.2954 2.74589 85.25 0.009513 0.003465 – – –
130 765 2 0.015 12 500 – 0.3669 – 111.19 – 0.003299 0.10 20 000 000 200 000 000
125 750 1 0.024 15 000 1.0793 0.3422 3.154003 102.96 0.010483 0.003324 0.12 1 110 000 9 250 000
105 700 2 – 12 500 1.3018 0.2628 4.953577 110.46 0.011785 0.002379 – – –
– – – – – 1.0850 0.3206 3.384279 93.62 0.011589 0.003424 – – –
135 810 1 – – 1.3550 0.3237 4.185975 113.44 0.011945 0.002853 – – –
130 770 1 0.000 0 1.1089 0.3022 3.669424 107.95 0.010272 0.002799 – – –
– – – 0.057 27 500 1.1459 0.2565 4.467446 106.73 0.010736 0.002403 0.10 1 644 500 16 445 000
– – – – – 1.0130 0.2210 4.583710 94.71 0.010695 0.002333 0.10 1 617 000 16 170 000
125 830 2 0.034 7 500 1.0461 0.3353 3.119893 99.35 0.010529 0.003375 0.60 11 776 000 19 626 667
130 825 1 0.005 2 500 1.1247 0.2963 3.795815 106.79 0.010532 0.002770 0.45 6 604 750 14 677 222
115 780 1 0.168 67 500 1.0869 0.3252 3.342251 102.96 0.010556 0.003159 0.42 2 016 400 4 800 952
ML, dorsal mantle length (mm); Sex : 1=male, 2=female; TS, total number of sporocysts in the caecum; S/g, sporocysts per gramme of tissue; RNA, DNA and
protein (mg mg–1 of tissue); haemolymph (expressed as sampled ml); – , no data.
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Muscular DNA, RNA, and protein concentrations
DNA and RNA concentrations were calculated from samples of
muscular tissue sealed in aluminium foil and stored frozen
at2808C until assay. Tissue samples were homogenized in an elec-
tric homogenizer. Aliquots of total tissue extracts were frozen to
2808C until processing. Extraction and division of the nucleic
acids was carried out following the method of Schmidt and
Thannhauser (1945), as modified by Munro and Fleck (1966).
Basically, the method archives nucleic acids, proteins, and other
macromolecule precipitate by requiring 1 ml of 0.6 M perchloric
acid to be added to 2 ml of homogenate tissue. After centrifugation
in a Beckman J2–21M refrigerated centrifuge to 8300g at 48C for
10 min, the precipitate is resuspended in 3 ml of 0.2 M perchloric
acid with the aid of an ultrasound bath. This process is repeated
three times. The final precipitate obtained is resuspended in
2 ml MilliQ water, then 0.3 ml of 3 M NaOH is added to
produce alkaline digestion, which is archived after incubation at
378C for 1 h, followed by acidification of the sample using
0.666 ml 20% perchloric acid (Fleck and Munro, 1962). After cen-
trifugation as above, the soluble RNA is liberated in the super-
natant, and the DNA and proteins stay in the precipitate. RNA
concentration is estimated by ultraviolet absorption at 232 and
260 nm, and the precipitate resuspended in 2 ml of 0.2 M perchlo-
ric acid and recentrifuged. Soluble DNA and the precipitated pro-
teins can be extracted from the resulting pellet by resuspension in
3 ml 0.6 M perchloric acid incubated for 30 min at 708C. DNA
concentration is then estimated after centrifugation at 8300g at
48C for 10 min, and measured by ultraviolet absorption at 232
and 260 nm.
DNA and RNA concentrations were obtained from the
equations:
Cðmg ml1Þ ¼ 10:53½absl260  3:17Þ  ðabsl230  0:75Þ;
Cðmg mg muscle1Þ ¼ ½Cðmg ml1Þ  Vf  Vi
where Vf is the supernatant volume following the protocol
(3.666 ml for RNA and 3 ml for DNA), and Vi is the total initial
volume divided by the volume used for RNA and DNA measure-
ment (2 ml).
Finally, the concentrations of proteins were estimated as
described above in the haemolymph analyses.
Parasite counts
The caecum was dissected after removing the digestive tract,
weighed, and vigorously washed in homogenization phosphate
buffer 10 mM, pH 7.0. To obtain the levels of infection, tissue
extracts were prepared by homogenization in an electric tissue
grinder (IKA-UltraTurrax T-25), following the standard procedure
described by Gestal et al. (1999). The number of Aggregata sporo-
cysts infecting the caecum was enumerated in a Neubauer count
chamber. The number of sporocysts was expressed as the total
number of sporocysts in the whole caecum (TS), but the
number of sporocysts per gramme of caecum tissue (S g – 1) was
also deduced.
Statistical analyses
Data on haemolymph element concentration, proteins, and
nucleic acids were compared with infection values measured at
an infrapopulation level (i.e. the total sporocyst counts, TS;
Bush et al., 1997). Linear regression models were fitted to
log-transformed [log10(n+1)] data. Analysis of variance (one-
way ANOVA) was used to test the significance of the regressions
(Zar, 1999). The limit of statistical significance was set at
p , 0.05. Data analysis was performed using the SPSSWIN 10.0
statistical software.
Results
General parameters
Table 1 lists the results of the biochemical analysis (for RNA, DNA,
and proteins) and the values of the ratios RNA/DNA and RNA/
protein. It also lists the haemolymph parameters, including the
total number of haemocytes and the number of haemocytes per
millilitre. Table 2 shows the concentrations (ppm) of elements
and proteins analysed from the plasma and cellular fractions.
Haemolymph vs. infection
Parameters of the regression analysis between TS and the concen-
tration of each element are summarized in Table 3. The regression
patterns obtained show that an increase in infection level causes a
significant decline in K, Cu, Fe, and protein concentrations in the
plasma fraction, and also a significant drop in Ca, Mg, Fe, and hae-
mocyte concentrations in the cellular fraction. Moreover, the
protein concentrations in the haemolymph plasma fraction dimin-
ished as TS increased (Table 3).
Biochemistry of the muscle vs. infection
Results of comparing the biochemical parameters and the severity
of Aggregata infection related to TS were statistically significant
(Table 3). The statistical regression patterns indicated that an
increasing TS caused decreases in individual RNA and protein
concentrations. Further, an increasing TS in the caecum of
heavily infected animals gave rise to a decrease in the condition
indices RNA/DNA and RNA/protein. Regressions indicate that
39.98% and 30.72% of the variability found in RNA and protein
contents, respectively, as well as the 3.73% and 37.78% of RNA/
DNA and RNA/protein ratios, can be attributed to the severity
of infection (Table 3).
Discussion
Changes in the haemolymph or haemocyte composition of marine
invertebrates can be used as indicators of physiological condition
(Feng, 1965), especially of pathological damage (Ford et al., 1986).
A constant equilibrium state between plasma protein (amino acids
present in the haemolymph) and tissue protein should exist in
normal physiological behaviour of healthy animals (Barnes,
1984). The decreases in haemocytes and plasma protein concen-
tration found here do not preclude the possibility that some of
the variability in the number of circulating haemocytes was due
to stress during handling, as previously indicated by Malham
et al. (2002) for the octopus Eledone cirrhosa exposed to air for
5 min. However, the decrease together with an increasing infection
of Aggregata may also indicate an imbalance caused by infection.
This may be due to tissue damage and a reduction in enzyme
activity and hence amino acid absorption in the caecum. This
malabsorption syndrome, described for cephalopods by Gestal
et al. (2002b), was also reported with fish coccidiosis
(Steinhagen et al., 1997). The absorption failure causes decreasing
plasma protein concentration as a consequence of the deficiency in
amino acid absorption and general protein synthesis. Castro et al.
(1993) indicated that restricting the diet of cultured cuttlefish
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Sepia officinalis produced a decrease in the amount of copper (Cu)
joined to the respiratory pigment haemocyanine in the haemo-
lymph. Similarly, the decrease in Cu concentration observed in
the haemolymph in this study and related to the degree of
Aggregata infection (Table 3) likely originates in the absorption
deficiency and the general decrease in plasma protein.
Inadequate oxygenation may induce tissue hypoxia, necrosis,
and atrophy of the infected area, by decreasing the oxygen-
carrying capacity of the blood. Such changes could impact nega-
tively on development and growth, and therefore lower the con-
dition of the animal.
Declines in blood cell and plasma protein concentration as a
consequence of Eimeria infection have also been demonstrated
for vertebrates (Long, 1973). The Aggregata infection demon-
strated here for octopuses is similar, perhaps a consequence of
the general decrease in protein synthesis attributable to lessening
of amino acid absorption, or to a displacement of blood cells to
the tissue infected by Aggregata. Cephalopods acquire most of
their salt requirement from seawater (Lee, 1994).
Growth measurements usually expressed as RNA and muscular
protein concentration or as ratios of nucleic acids have been shown
to be reliable and useful as indicators of condition. Such biochemi-
cal indices are well established for studies of fish growth and
are also reliable indicators for growth studies on cephalopods
(Clarke et al., 1989; Houlihan et al., 1990; Castro and Lee, 1994;
Domingues et al., 2006). Steinhart and Eckmann (1992) showed
the severity of parasitic infection to be related directly to protein
concentration and the RNA/DNA ratio in muscular tissue of
larval whitefish Coregonus spp., similar to the negative impact on
the growth rate of infected octopus expressed in terms of decreas-
ing RNA/DNA and RNA/protein ratios noted here. Although the
r2 values for the fit of linear regressions did not account for 100%
of the intraspecific variance in condition measurements, the
impact of the Aggregata infection could explain as much (up to
40%) as all other environmental factors combined. Further, mech-
anical tissue damage (Gestal et al., 2002a) together with a malab-
sorption syndrome produced by the parasite’s sporogonial
development (Gestal et al., 2002b) may lead to impairment of
the balance between the rates of protein synthesis and protein
degradation. Therefore, and because the intake of food was
similar in all octopuses sampled, it is thought that the infection
decreases muscle protein concentration. The increasing sporocyst
number explained up to 40% of the variance in the RNA and
RNA/protein ratios, whereas the infection values accounted for
just 30% of the variance in the muscular protein concentration
of infected octopuses. With the general rationale that the quantity
of food eaten affects ribosome concentration in somatic tissues
and hence protein synthesis and growth (Houlihan et al., 1990),
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Table 2. Element (ppm) and protein (mg mg–1) concentrations in the plasma and cellular fractions of haemolymph of 28 O. vulgaris.
Plasma Cells
Mg Ca Na K Cu Fe Protein Mg Ca Na K Fe Protein
– – – – – – – – – – – – –
– – – – – – – – – – – – –
1.28675 0.74719 11.330 0.5429 0.0600 0.001259 2.3919 0.2090 0.3379 5.1769 0.4017 0.0007 –
1.78375 0.49441 14.703 0.4516 0.0929 0.001407 2.1916 0.5887 0.6313 15.4688 1.0498 0.0024 –
– – – – – – 1.7389 – – – – – –
1.14070 0.45310 7.784 0.4266 0.6585 0.001170 2.3871 0.3859 0.4745 10.2725 0.7048 0.0024 –
1.52000 – 12.890 0.6521 0.2413 0.009530 2.4508 0.1353 0.3877 0.3424 0.1405 0.0026 48.53
1.56100 0.47900 13.340 0.7256 0.2140 0.048000 2.4054 0.5629 0.4653 4.9115 0.2670 0.0331 38.75
0.55360 0.03875 2.431 0.2222 0.1275 0.003240 4.3786 0.0819 0.1244 0.4043 0.0330 0.0063 116.45
0.06760 0.00185 – 0.0289 – 0.002260 4.5969 0.1937 0.1883 1.9353 0.1620 0.0058 174.91
1.44050 0.36725 13.020 0.7083 0.1142 0.003100 2.5632 0.0688 0.1028 0.6490 0.0860 0.0029 80.89
0.20050 0.04765 – 0.0789 – 0.002198 4.7600 0.5178 0.3857 5.9300 0.3319 0.0055 25.98
1.32250 0.40420 11.980 0.6553 0.1781 0.004089 3.7389 0.2285 0.1864 2.2921 0.1360 0.0034 68.44
0.28750 0.16125 0.975 0.1534 0.0597 0.000796 4.5422 1.4520 0.5758 13.4750 0.6743 0.0069 32.38
0.05210 – – 0.0314 – 0.001500 4.6898 0.1631 0.2197 0.2693 0.1455 0.0083 51.09
0.99280 0.36338 7.384 0.5261 0.2147 0.001618 3.2764 1.2836 0.5168 65.6360 0.6577 0.0045 35.07
– – – – – – – – – – – – –
0.13720 – – – – 0.020900 76.2390 0.5037 2.6250 10.7060 0.4293 0.0215 76.24
1.61577 0.09610 18.950 0.7935 0.1638 0.056080 33.9880 1.5520 2.8062 35.6660 1.7100 0.0574 33.99
– – – – – – 29.2250 – – – – – 29.23
– – – – – – – – – – – – –
2.02810 – – – – – – – – – – – –
1.15750 – 13.563 0.6887 0.1936 0.016770 19.0860 0.1948 7.6250 41.3250 1.6150 0.151 19.09
– – 15.818 0.417 0.1314 0.019060 15.8320 0.8188 6.5836 17.3000 1.2825 0.1738 15.83
1.20120 0.51070 – – – – – – – – – – –
1.04600 0.19400 10.337 0.5195 0.1409 0.002685 77.2450 0.8733 0.7483 9.0458 0.4300 0.0498 77.25
0.71420 0.10996 9.867 0.5238 – 0.041380 49.3930 1.1089 0.9272 13.0080 0.7197 0.0643 49.39
– – 7.7286 0.3835 0.0859 0.005566 29.6270 0.3274 0.3887 7.4050 0.2958 0.0274 29.63
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it follows that the Aggregata infection may influence the synthesis
of RNA in muscle tissue cells, probably through the rRNA, as
suggested by Kikuchi et al. (1986) and Reeds (1987) for mamma-
lian systems. This interpretation mirrors that of reduced K-Fulton
condition values in heavily infected octopuses (Gestal et al.,
2002b).
In conclusion, this study has shown that the elements and
protein balance of an octopus’ haemolymph, as well as its
muscle protein synthesis and general growth, are influenced by
the level of infection of the Aggregata octopiana. Taking into
account the total results from a series of condition analyses
carried out us on O. vulgaris populations at individual, tissue, cel-
lular, and here molecular level, A. octopiana should be considered
to be a dangerous pathogen. Control measurements are clearly
needed in aquaculture to avoid this coccidian infection, because
it is definitely an octopus health-limiting factor during commer-
cial ongrowing in floating cage systems.
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Table 3. Linear regression analyses of log-transformed data (log10
n+1) for the relationship between Octopus vulgaris haemolymph
and muscular biochemical parameters plotted against the total
number of sporocysts in the caecum (TS).
Haemolymph
constituents
a b r2 F-value p-value
Plasma
Ca 0.0956 0.0007 0.0384 0.4795 0.0011
Na 1.0643 0.00002 0.0000 0.0001 0.0000
K 0.1739 20.0001 0.0017 0.0216 0.0000
Mg 0.2366 0.0021 0.0725 1.2520 0.0000
Cu 0.0718 20.0004 0.0265 0.3544 0.0001
Fe 0.0057 20.00008 0.0458 0.8647 0.0038
Protein 0.9946 20.0079 0.0778 1.6026 0.0000
Cells
Ca 0.2612 20.0017 0.0133 0.2297 0.0010
Na 0.8838 0.0011 0.0015 0.0265 0.0000
K 0.1682 0.0011 0.0223 0.4099 0.0000
Mg 0.2102 20.0106 0.1649 3.1593 0.0000
Fe 0.0147 20.0002 0.0440 0.8278 0.0067
Haemocytes per ml 7.2437 21.6503 0.4754 0.0067 0.0000
Muscle
Protein 1.9537 20.2194 0.3072 8.4252 0.0000
RNA 0.26.65 20.1195 0.3998 11.9933 0.0000
RNA/DNA 1.0629 –0.5247 0.0373 0.6591 0.0136
RNA/protein 0.0040 –0.0012 0.3778 10.9289 0.0000
a, intercept; b, slope; r2, regression coefﬁcient; F, Fisher.
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